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Abstract
Observing gamma ray bursts (GRBs) in the TeV energy range can be extremely valuable in providing insight
to GRB radiation mechanisms and in constraining source distances. The Milagrito detector was an air shower
array which used the water Cherenkov technique to search for TeV sources. Data from this detector was
analyzed to look for a TeV component of GRBs coincident with low energy  -rays detected by the BATSE
instrument on the Compton Gamma Ray Observatory. A sample of 54 BATSE GRBs which were in the field
of view of the Milagrito detector during its lifetime (February 1997 to May 1998) was used.
1 Introduction





ergs in a few seconds in the form of  -rays (Piran, 1999). Over the past two years,
considerable progress was made in detecting optical and x-ray counterparts to GRBs, which has led to con-
firmation of their cosmological origin and has provided valuable insight into GRB energy conversion and
radiation mechanisms. Before the advent of such lower energy detections, GRB emission was detected ex-
clusively in the 10 keV to 18 GeV energy range by instruments such as those on the Compton Gamma Ray
Observatory (CGRO) satellite, one of which is the Burst and Transient Source Experiment (BATSE). BATSE
has been extremely successful in the detection and study of gamma ray bursts in the soft  -ray energy range
of 10 keV to 100 MeV. Operating since 1991, it has been detecting gamma ray bursts at the rate of about one
burst per day.
In spite of these observations and recent progress in detecting counterparts, the origin of GRBs  which
were first observed about 30 years ago  remains an enigma. Opening a new energy window for GRB obser-
vation in the TeV regime will be an invaluable aid in solving this mystery. Detection of TeV emission from
GRBs will: (1) provide valuable information for modelling GRB radiation mechanisms; (2) constrain general
quantitative properties of GRBs such as Lorentz factor and shock radius (Pilla & Loeb, 1998); (3) provide an
upper limit to source distances owing to the predicted absorption of TeV gamma rays by intergalactic infrared
(IR) photons; (4) contribute to the accurate determination of GRB locations and source identification. Current
observations and GRB models do not rule out the existence of such higher energy component of GRBs. In-
deed, it has long been asked if the lack of observed hard  -rays from GRBs is due to observational bias and
the lack of detectors suitable for such observations.
Non-detection of a TeV component, though leading to more ambiguous conclusions, will also have an
impact since this will  if one assumes the existence of a TeV component  set a lower limit on the source
distance scale and will provide evidence for gamma-ray absorption either at the source or by IR photons.
Since gamma-ray fluxes at these high energies are very low, ground-based detectors such as Milagrito are the
relevant instruments for detecting GRBs at the TeV regime.
The Milagrito detector (McCullough, et al., 1999) was an air shower array which used the water Cherenkov
technique to detect TeV gamma-ray sources. It was located in the Jemez mountains of New Mexico, near Los
Alamos, at an altitude of 2650 m above sea level. It consisted of 228 photomultiplier tubes (PMTs) in a light-
tight pond of water. Arrival times at these PMTs of water Cherenkov light from air shower particles were used
to reconstruct cosmic ray or  -ray events incident on the atmosphere. It was operational from February 1997
to May 1998, detecting extensive air showers at a rate of 300-400 s
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. Its angular resolution was typically
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Figure 1: (a) T90 times and, (b) 95% confidence radii for the GRB sample.
practical instrument for observing gamma ray bursts which lasted but fleetingly and which were unpredictable
in both time and position of occurrence.
During the Milagrito lifetime, 54 BATSE GRBs were within 45
 of its zenith. Milagrito data was analyzed
to look for evidence of emission of TeV  -rays coincident with the low energy photons detected by BATSE
from these GRBs. These GRBs are listed in Table 1. Of these 54 GRBs, there are 12 for which location arcs
from the Third Interplanetary Network (IPN3) exist.
2 Method of Search
2.1 Search time duration and search area The search time duration used was T90, the time during
which BATSE detected from 5% to 95% of the GRB counts. For the sample of 54 GRBs, this time ranged from
hundreds of milliseconds to 200 seconds. The radius of the area used for the search was the 95% confidence
radius for the BATSE GRB. This confidence radius is given as a function of the statistical error on the GRB











. Histograms of T90 times and 95% confidence
radii are shown in Figures 1a and 1b.
The search area was covered by a grid of non-overlapping rectangular bins of equal areas on the celestial
sphere, centered at the GRB (DEC,RA) position given by BATSE (see Figure 2). Optimal bin sizes were used
in order to maximize the significance of a signal. These depend on the background count and Milagrito’s
angular resolution (Schnee, 1996). After this grid was searched, to ensure sensitivity to signals located near
bin edges, the grid was shifted by half a bin width in DEC, then half a bin width in RA, then half a bin width
in both. A search was done at each of these grid configurations, the end result being a search with overlapping,
non-independent bins.
